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Abstract
Morphological particularities of the digestive tract are insufϐiciently studied; more emphasis is put on 
digestive physiology. Due to the major importance of the cecum in the digestive strategy of rabbits and chinchillas, 
we consider appropriate a detailed and comparative anatomical description of this organ. Ten rabbits and ten 
chinchillas were studied using gross dissection. Following dissection, using routine anatomical techniques, the 
organs were photographed, measured and recorded. All phases of the study were conducted in accordance to 
the current regulations. In rabbits, the cecum occupies the biggest part of the abdominal cavity compared with 
chinchillas in which the cecum was located on the left of the median plane. Particularly, in rabbits we noticed a 
spiral arrangement of the cecum, between the base and body being placed the proximal loop of ascending colon 
and the ileum. These three anatomical segments form the ileo-ceco-colic complex, a distinct anatomical entity in 
rabbits. In chinchillas the cecum consists of two segments, the ϐirst having a folded appearance and the second a 
tubular appearance. The ileo-ceco-colic junction in rabbits was obvious, compared to chinchillas. An ileocecal valve 
and another ceco-colic one which directs digesta were identiϐied in both species. Compared to chinchillas, rabbits 
show two speciϐic anatomical structures: sacculus rotundus located at the junction of the ileum with the cecum and 
vermiform appendix in the cecum extension.
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INTRODUCTION
Rabbit and chinchillas are true non ruminant 
herbivores with a particular type of digestion, 
so called hind gut fermentation (Holtenius and 
Björnhag, 1985: Davies and Davies 2003; Sakaguchi 
2003). However, the species belonging of the Rodent 
and Lagomorphs have great noticeable differences 
in their intestinal anatomy, particularly in cecum 
anatomy (Snipes 1981, 1982a, 1982b,Kotze et al., 
2006, 2010). The cecum is usually described as 
ϐirst part of the large intestine, as a blind-ending 
tube between the ileum and ascendant colon 
(Barone 1997). Communication with the ileum is 
made through the ileo-cecal oriϐice (ostiumileale) 
and with the colon through the ceco-colic oriϐice 
(ostiumcaecocolicum). In ruminants, horse and 
in carnivores the cecum lies in the right side of 
abdominal cavity while in pigs is located in the 
left side. Also, there are differences regarding the 
shape of the cecum; from spiral (dog) to cylindrical 
(ruminants, pigs) blind-ending sac or like a coma 
(cat).  Relative to other non ruminant herbivores 
such as horse, the rabbits and chinchillas digestive 
tube has an increased development to provide the 
nutrient requirements and increases the efϐiciency 
of utilization of ϐibrous nutrients (Ebino 1993; 
Boellinger 2007; Kohles 2014). The aim of this 
study was to provide a detailed morphological 
description of the cecum in rabbit and chinchilla 
in order to highlight the main similarities and 
differences between the two species. 
MATERIALS AND METHODS
Ten rabbits and ten chinchillas of varying 
weights and age were used. The animals provide 
from particular farms and were maintained in 
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proper condition after requisition. The procedural 
rules were followed in accordance with EU 
Directive 2010/63 of the European Parliament 
and of the Council on the protection of animals 
used for scientiϐic purposes. Euthanasia was 
made by an overdose of isoϐlurane (AErrane, 
Baxter, USA) in all subjects. Abdominal cavity 
was opened by a midline incision of abdominal 
wall and all components were observed in 
situ, their connective elements were noted and 
photographed. The entire gastro intestinal tract 
was removed and after dissection of all peritoneal 
attachments, it was carefully distended. The 
length of each component was measured. Terms 
were used in agreement with the NAV (Nomina 
AnatomicaVeterinaria) 2012.  
RESULTS AND DISCUSSION 
In rabbit the cecum was extremely voluminous 
and occupied almost the entire ventral part of the 
abdominal cavity (Fig. 1). 
The cecum has a spiral shape, coiled on itself 
once and a half. The centre of this spiral is occupied 
by the base of the organ coiled, continuing on the 
external part with the body of the cecum. Rabbit’s 
cecum was like a blind sac with a particular 
disposition, in three sections. The ϐirst section 
begins in umbilical region, passes cranially and 
slightly on the right side of abdominal cavity. 
Then, the second segment ϐlexes caudally and to 
the right ϐlank of abdominal cavity, parallel to the 
ϐirst fold, near to the pelvic cavity. The third fold 
runs cranially along the ventral left ϐlank being 
parallel to the other segments, near to the stomach 
proximity and separated from the ϐirst segment by 
ascendant colon (Fig.2).
In all rabbits, at the opening of the abdominal 
cavity, an obvious cecocolic ampulla it was noted. 
A long fold extends in spiral from the cecocolic 
ampulla at the junction with the colon, along these 
ϐirst three segments, with 20-30 turns. The walls 
of cecum segments were thin, translucent, having 
greenish-grey colour due to the cecal content. The 
last portion of rabbit cecum, the appendix, was 
narrowed compared with the ϐirst segments, 10 – 
12cm in length, with thick light pink walls, ending 
on the left ϐlank, dorsal to the ϐirst segment of the 
cecum (Fig.3). 
The appendix in all rabbits was easily viewed 
as an extension of the enlarged cecum with a 
readily discernable boundary between the cecum 
and the appendix marked by a sharp change in the 
diameter, consistency and colour compare to the 
cecum.  On the entire length of the cecum it has 
been noted the presence of an axial conjunctive 
structure along the cecum making the connection 
of numerous and regular haustra. This conjunctive 
structure also realise the connection of the cecum 
with the ileum through the ileocecal fold. The 
cecum and the ascendant colon were connected 
by the ceco-colic fold. The ileum and the proximal 
ansa of the ascendant colon with their disposition 
into the cecum segments, realise the ileocecocolic 
Fig. 1. Comparative view “in situ” of cecum in rabbit - 
left and chinchilla – right, at the opening of abdominal 
cavity. C-cecum; L-liver; D-duodenum; S-stomach; 
J-jejunum; AC-ascendant colon
Fig.2. The ileo-ceco-colic complex in rabbit. The 
proximal ansa of ascending colon (AC) and the ileum 
(I) are disposed between the second (C2) and the third 
gyrus (C3) of the cecum. C1-the ϐirst gyrus ; L-liver ; 
J-jejunum ; Ap-vermiform appendix ; S-stomach ; 
D-duodenum.
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complex (Fig.2). In right ϐlank the cecum was in 
relation with the ϐlotant duodenum, cranial the 
cecum body was in relation with the stomach 
through the great omentum. The appendix run 
caudally and crosses in oblique direction the 
lumbar region. 
At the opening of the rabbit cecum it was 
noted the presence of numerous longitudinal folds 
which maintained the external feature of haustras. 
The opening of ileum into the cecum was made by 
a simple oriϐice placed in the middle of lymphatic 
clusters which were derived from sacculus 
rotundus (Fig. 4). We don’t observe an ileal papilla 
in no subject. Immediately on the periphery the 
ileo-cecal oriϐice it was observed a small circular 
fold which delimited the ceco-colic oriϐice. On 
the opposite wall of the ileal opening a spiral fold 
began with spiral distribution on the entire length 
of the cecum up to vermiform appendix (Fig. 4). 
In chinchillas, the cecum was located on the 
left side of the median plane, in the ventral third 
of abdominal cavity and presents two different 
segments (Fig.1, Fig.5). The ϐirst segment was 
coiled having sacculations and the second segment 
was tubular, slightly pleated. 
The sacullations of the ϐirst segment appears 
foliated connected by a relative large conjunctive 
axis which makes a round foliated appearance of 
the ϐirst segment of the chinchilla’s cecum. The 
second segment corresponding to the body of 
thececum has fewer but larger haustras (Fig. 5). 
The ileon enter into the cecum in the ϐirst segment 
corresponding to the base of the organ, proximal 
to the ceco-colic junction. In all subjects there was 
only a small constriction and an obvious narrowing 
of the cecum which makes the transition from the 
cecum to the proximal ansa of the colon. Also, the 
colon presents numerous haustra being connected 
with the cecum by ceco-colic fold. The base of the 
cecum was connected with the transverse segment 
of the duodenum by ceco-duodenal fold (Fig. 5). 
The cecum body and the ileum were connected 
by a small ileo-cecal fold. At the cecum opening 
the walls appears smooth macroscopically 
Fig. 3 The length and the shape of the vermiform 
appendix and sacculusrotundus in rabbit. Note the 
same pattern due to the lymphatic structure. Ap-
appendix; C-cecum; SR-sacculusrotundus; I-ileum; 
AmC-ampulla coli; AC-ascendant colon
Fig. 5. The cecum of chinchilla with pleated 
sacculations. Note the duodeno-cecal fold (left- white 
arrow) and the ceco-colic fold (right- yellow arrow).D-
duodenum; AC-ascendant colon; C-cecum.
Fig. 4 The ileo-cecal fold (red arrow) and the ileo-colic 
fold (blue arrow) in rabbit-left. The lymphatic follicles  
(LyF ) surround the ileocecal oriϐice (white arrow) and 
the conic shape of the ascendant colon (AC) exit from 
cecum (C) (yellow arrow). Note the presence of the 
spiral fold (SF)-right.
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except of a few numbers of folds and depressions 
corresponding of haustra delimitations. The only 
visible differentiated structures were on the level 
of ileum entry into the cecum and colon exit. The 
ileon opening was simple, marked by a small 
circular structure and an obvious chance of wall 
colour (Fig.6). 
Also we noted a small circumvented lip 
protruding into the cecum ampulla. The colon 
exit was marked only by a conspicuous change 
in calibre without changing of colour, rather as 
a conical passage between the cecum and the 
proximal ascendant ansa of the colon. On the cecum 
body it was visualized only a fold corresponding to 
the mesenterial insertion. The chinchilla’s cecum 
showed no appendix. 
The morphology of gastrointestinal tract 
(GIT) is relatively homogenous among different 
species of the same order, and the development 
of different parts of the GIT reϐlects adaptations of 
their habitat and diet (Stan et al., 2014). Moreover, 
the digestive anatomy of rabbits and chinchillas 
has not been completely described. Morphological 
description of digestive system is well represented 
in humans and large animals, but in small animals 
there are a few data in scientiϐic literature 
regarding each component (Stan, 2013; Irimescu 
et al., 2014).
The topography of intestine with a voluminous, 
haustrated cecum was common in rabbit and 
chinchilla. In rabbit the cecum occupied almost 
the entire ventral part of the abdominal cavity 
compare to the chinchilla in which the cecum 
was located on the left side of the median plane. 
This pattern is recognised as a common feature in 
many rodents (Kotze et al., 2010; Perrin and Curtis 
1980; Perez et al., 2008).
In the rabbit (Oryctolagus cuniculus) the 
ileum, cecum and a part of the ascending colon are 
coiled together forming a spiral with one and a half 
loops (Barrone, 1997) making an anatomical and 
physiological entity: the ileo-caeco-colic complex. 
In the chinchilla (Chinchilla laniger) the ileon, 
cecum and the ascending colon were separated. 
This feature was also reported in another’s rodents 
hindgut fermenters as nutria (Myocastor coypus) 
(Perez et al., 2008) capybara (Hydrochoerus 
Hydrochaeris) (Vasquez et al., 2012), tucu-tucu 
(Ctenomys pearsoni) (Perez et al., 2009). Compare 
to the laboratory mouse (Mus musculus) and 
rat (Rattus rattus)in which Snipes (1981) has 
described the existence of an uncoiled cecum and 
no haustra, in rabbit and chinchilla the presence 
of a voluminous saculated cecum is a common 
feature in both species. 
Regarding the muscular tenia which were 
mentioned in the nutria (Perez, 2008), persian 
squirrel (Sciurus anomalus) (Sadeghinezhad et al., 
2012), guinea pig (Cavia porecellus) (Quesenberry, 
and Carpenter, 2012) in the rabbit and chinchilla 
we describe only a conjunctive structure (axis), 
which being shorter than the cecum length create 
saccular outpunchings-haustra. Our ϐindings are 
similar with Barone description (1997). In gerbils 
(Meriones unguiculatus) Snipes (1981) described 
only a few slight sacculations and the presence of 
poorly developed taeniae.
The cecum of lagomorphs and rodents has 
been divided into three distinct anatomical 
segments: ampulla ceci (the base of the cecum), 
corpus ceci and apex ceci (Perrin and Curtis 1980; 
Snipes 1981, 1982a,b; Perez 2005, 2007, 2008). 
In the rabbit we recognized the same segments 
but the chinchilla lacks the vermiform appendix. 
Also, the sacculus rotundus, the last segment 
of the rabbit ileum that is markedly extended 
in the rabbit (Barrone 1997; Stan et al., 2013) 
is absent in chinchilla (Langer 2002). Another 
particular feature of the rabbit GIT is the presence 
of the vermiform appendix (Barrone 1997), easily 
viewed as an extension of its already enlarged 
cecum, with a obvious discernable boundary 
between the cecum and the appendix marked 
Fig.6. Ileo-ceco-colic junction in chinchilla-left and 
the simple layout of the cecum cavity-right, with the 
absence of obvious ridges and folds. C-cecum; AC-
ascendant colon; I-ileum
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by a sharp change in the diameter of the bowel, 
the change of the wall colour and thickness. This 
feature was reported by the Snipes (1982b) too. 
The appendix in mammals is mentioned in 
humans, lagomorphs and some rodents sharing 
the same ontogenetic origin and high lymphoid 
concentration (Smith et al., 2009). In humans the 
role of this GALT (gut associated lymphoid tissue) 
is to preserve the commensal bacteria which can 
recolonize the colon in diseases in which these 
bacteria are lost (Bollinger et al., 2007). The 
immunologic function is supported by immune 
molecules such as IgA and mucin which support 
growth of bacterial bioϐilms on the epithelium of 
the proximal colon both in humans and in rabbits 
(Smith et al., 2009). 
Thus it can be hypothesized that the immune 
function carried out by the appendix in rabbit, 
humans and some rodents is analogous to the 
immune functions carried out by the terminal 
portion of the cecum in animals lacking an appendix, 
like the chinchilla, subjects of this research. In a 
morpho-histological study of the digestive tract 
of chinchilla, (Calamar et al.,2014) have described 
the presence of massive development of lymphatic 
follicles located into submucosa layer of the 
chinchilla’s cecum. Phisiologicaly, the vermiform 
appendix in rabbits is involved in bicarbonate 
secretion in order to buffer the cecal acidity and in 
water secretion to form the semiϐluid cecal paste 
(Davies et al., 2003; Kohles, 2014). 
Regarding the internal structure, the presence 
of the spiral fold into the rabbit cecum is a particular 
feature and is not present in chinchilla. From a 
morphological point of view, the spiral fold whit 
its disposition and muscular core (Snipes 1978) 
offer a physiologically explanation of functional 
specialization of this organ in rabbits. Considering 
the coprophagy practiced by the rabbit, the 
spiral fold channelling the intestinal content into 
the corpus ceci and into the ampulla coli and 
practically increasing the absorption surface of 
the mucosa. On the other hand it’s muscular core, 
as was assessed on scanning electron microscopy 
(Snipes, 1978) aiding in the contraction forces 
and simultaneously move the cecal content along 
performed ridges. Physiological research have 
demonstrated both descending and ascending 
contraction of the cecum in order to separate ϐluids 
from solid particles and maintained a longer time 
the nutrients which is essential for fermentation 
process (Franz et al., 2010). 
In addition, the antiperistaltic waves from 
colon to the cecum are apparently a unique colonic 
separation mechanism (CSM) found both in rabbit 
and chinchilla. But, as true is the fact that in rabbits 
CSM is different from that in the chinchilla. Franz 
(2010) shown that in lagomorphs the “wash-back” 
CSM is more efϐicient in extracting bacterial matter 
from the colonic digesta compare to “mucus-trap” 
CSM found in rodents. 
The ileocecocolic junction was clearly marked 
in the rabbit by presence of two folds located 
laterally of the ileocecal oriϐice and a compact 
agglomeration of lymphatic follicles surrounding 
the ileocecal oriϐice. This feature was no observed 
in chinchillas. About the cecocolic junction, the 
colon enters into the cecum as a wide conical 
opening without an apparent sphincter structure 
in both species. As a constant ϐinding is the entry 
of the ileum and the exit of the colon from the ceci 
ampulla in close proximity. This is in accordance 
with the results of another researcher (Snipes, 
1978; Franz et al., 2010; Calamar et al., 2014).
Regarding the connection elements, in 
rabbit we describe the presence of cecocolic fold 
extended from the cecum to the proximal loop 
of ascending colon and the ileocecal fold being 
ϐixed between the cecum and the ileum ending at 
the apex of the vermiform appendix. Perez et al., 
2005 mentioned the existence of a small narrow 
fossa in the left sheet of the mesentery between 
the vermiform appendix and the distal loop of 
ascending colon, feature that we do not observed. 
In chinchilla, the ileum was attached to the ececum 
by the ileocecal fold, to the transverse duodenum 
by a small and narrow fold and to the proximal 
colon by the cececolic fold, similar to the report of 
Perez et al., 2011. 
The presence of duodeno-cecal fold, derived 
from peritoneum was mentioned only by de 
Castro (2010), in chinchillas, compare to the Perez 
(2008), who reports the presence of a duodeno-
cecal fold between the bases of the cecum, a short 
proximal part of the ascending colon - belonging 
to the proximal ansa - and the descendant 
duodenum.
Small animals need more much energy and 
nutrients so the smaller the animal, the greater 
are the energy requirements with a consequent 
demand to ingest more food per body mass unit. 
STAN et al
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Thus, smaller herbivorous mammals like rabbits 
and chinchillas, so called hind gut fermenters, 
more speciϐic cecum fermenters, have a large 
cecum, larger than the remaining large intestine. 
The cecum provides an anaerobic fermentation 
chamber for organisms such as Bacteroides spp. 
and various another organisms, which breaks 
down ammonia, urea, proteins and enzymes 
from the small intestine and cellulose (Sakaguchi, 
2003).
The cecum fermentation, which results in 
multiplication of bacteria, seems to contribute 
to the efϐicient utilization of their food through 
coprophagy, both in rabbit and chinchilla. The 
coprophagy, more correctly the cecotrophy, is 
supported by speciϐic functions of the cecum 
and the colon. Cecotrophy ensures that protein 
synthesised by bacteria growing in the distal 
fermentation chambers, the cecum and the 
colon is not lost via defecation, but reingested 
as soft pellets. Although modern diets mean 
that cecotrophy is unnecessary for survival; this 
feature is an innate behaviour stimulated by anal 
reϐlex (Ebino, 1993).
CONCLUSION
This research provides a comprehensive ana-
tomical features and accurate description of the 
cecum in rabbit and chinchilla.
Cecum morphology showed the same characte-
ristic regarding the presence of a voluminous, 
sacullated pattern, both in rabbit and chinchilla.
The differences are related to the topography, 
the presence of a well developed vermiform 
appendix in rabbit which is one of the particular 
features of this specie alongside the presence of 
sacculus rotundus.  Also the internal morphology 
differs in rabbit and chinchilla by presence of the 
spiral fold in rabbit.
The unique morphological features of the 
digestive system in both species are the prerequi-
site of the physiological hind gut fermentation 
and offer the explanation of digestive strategy of 
coprophagy in rabbits and chinchillas. 
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